In hypothyroid rats, the depressed metabolic rate (02 consumption) rises 20-70 hours after thyroid hormone is injected;' the rates of ribosomall-3 and mitochondrial3 synthesis of proteins in the liver rise 36-96 hours after injection; but the rate of nuclear RNA metabolism rises as early as 10-30 hours.2 On the reasonable assumption that first occurrences are causal, this evidence has been taken to indicate that the thyroid hormone acted on nuclei to stimulate protein synthesis. 5 However, adding thyroid hormone to isolated nuclei does not stimulate RNA metabolism-evidence that the nuclear changes observed after hormone injection are not due to a direct hormonal action.2' 6 Adding thyroid hormone to isolated mitochondria, on the other hand, produces in about 5 minutes an as yet unidentified factor that stimulates ribosomal synthesis of proteins.6' 7
In hypothyroid rats, the depressed metabolic rate (02 consumption) rises 20-70 hours after thyroid hormone is injected;' the rates of ribosomall-3 and mitochondrial3 synthesis of proteins in the liver rise 36-96 hours after injection; but the rate of nuclear RNA metabolism rises as early as 10-30 hours.2 On the reasonable assumption that first occurrences are causal, this evidence has been taken to indicate that the thyroid hormone acted on nuclei to stimulate protein synthesis. 5 However, adding thyroid hormone to isolated nuclei does not stimulate RNA metabolism-evidence that the nuclear changes observed after hormone injection are not due to a direct hormonal action.2' 6 Adding thyroid hormone to isolated mitochondria, on the other hand, produces in about 5 minutes an as yet unidentified factor that stimulates ribosomal synthesis of proteins.6' 7 Our recent studies8-" have shown that injecting hypothyroid rats with a subcalorigenic dose of L-thyroxine (5.2 mug/gm, a dose at least 50 times less than those used to stimulate protein synthesis) three hours before sacrifice partly corrected the excessive respiratory control in their liver mitochondria. The hormone arrived in the liver mitochondria very rapidly. When these rats were killed two minutes after the hormone had been injected,11 12 it was found that the abnormally low (20% of normal) total iodine content had increased to 60 per cent of normal. These findings suggested that mitochondrial function might change as early as two minutes after hormone injection. The present studies examine the mitochondria from the livers of hypothyroid rats injected with a relatively large dose of L-thyroxine (5.2 pg/gm), and demonstrate a latent period of two minutes for changes in respiratory control and sensitivity to added dinitrophenol, a progression in the changes up to three hours, and an increase in the content of butanol-extractable and butanol-insoluble iodine up to 550-fold. Further details will be presented elsewhere. ' 
where v = the observed rate of respiration, Vm = the observed maximal rate of respiration (State 3u); and n = the apparent order of the reaction and K = the apparent dissociation constant, for the reaction between dinitrophenol and the mitochondrial electron-transport system. The values of the slope n are used here to represent sensitivity to dinitrophenol, i.e., the increase in respiration per unit increase in dinitrophenol concentration. The values of n were calculated by a method of least squares, over a 10-to 20-fold range of dinitrophenol concentrations, using [8] [9] [10] [11] [12] separate concentrations; the correlation coefficients were between 0.96 and 0.97. This method will be described in greater detail elsewhere."3 The total iodine content of normal liver mitochondria was 0.47 0.04 mUg/mg protein; 52 per cent was butanol-extractable and 10 per cent butanol-insoluble. The total iodine content of liver mitochondria from untreated hypothyroid rats was 0.097 0.019 mug/mg; the amount of iodine was too low for determination of butanol-soluble and -insoluble fractions.12 Figure 2 shows the iodine content of liver mitochondria obtained from hypothyroid rats killed two minutes to three hours after injection of 5.2 ,ug of L-thyroxine per gram. All fractions rose progressively (p < 0.001 vs. controls), and at three hours the total iodine content was about 550 times that in the untreated hypothyroid rat and 120 times that in normal mitochondria. The iodine representing the thyroid hormone-that which was extractable with butanol or remained protein-bound after extraction was 80-90 per cent of the total iodine in all the treated animals. The rise in mitochondrial thyroid hormone content was pari passu with the changes in mitochondrial function shown in Figure 1 . A scale at the right of Figure 2 shows the calculated number of moles of thyroxine (T4) per milligram of mitochondrial protein; the amount of cytochrome c measured in untreated hypothyroid rats' liver mitochondria by Maley'9 and myself,9 and the amount of the rotenone-sensitive catalyst determined from our data"3 combined with those of Ernster et al.,20 are indicated. The apparent amount of thyroid hormone arriving in liver mitochondria was 1-5 molecules per respiratory assembly, assuming 1 molecule of cytochrome c per respiratory assembly and depending on which enzyme was used as a baseline and which iodine fraction was considered effective. In Figure 2 , a scale at the right also shows the calculated apparent concentration of thyroxine in the mitochondrion, using the data of Klingenberg and Pfaff2l on the water content of the mitochondrial cristae into which pyridine nucleotides can diffuse, 2.56 ml per gram of protein. On this basis, the intramitochondrial thyroxine concentration reached about 5 yj\M in two minutes and 50 ,uM in three hours.
Discussion.-The latent period for the action of injected L-thyroxine on respiratory control and dinitrophenol-sensitivity in liver mitochondria appears to be as short as two minutes, if the latent period is taken as the time between administration of the hormone and change in function in the target organelle, and if it is assumed that no further changes occur during the 90 minutes required to prepare the mitochondria. If the latent period is taken as the time between the appearance of the VOL. 58, 19)67 hormone at the target and the functional change, the present data may be interpreted to demonstrate no latent period within the limitations of the assumptions cited: function changed progressively between two minutes and three hours after injection, and approximately logarithmically with the amount of butanol-extractable and butanol-insoluble iodine in the mitochondria. The very short latent period and the presence of the hormone support the conclusion that this is a direct action of the hormone on mitochondria.
The observed effects of thyroid hormone added in vitro support such a conclusion: Sokoloff et al.6 have shown that 65 ,uM L-triiodothyronine directly and maximally stimulated the production of a mitochondrial factor that accelerated ribosomal interaction with tRNA-aminoacyl complexes to synthesize proteins; the apparent intramitochondrial concentrations of hormone in our studies, 24 This disparity may arise from the lack of preselection, from the transience of the early effects of small doses of the hormone on respiratory control,'3 or from the use of bovine serum albumin in assay mixtures,' because albumin reverses the early changes in respiratory control after L-thyroxine injection,13 possibly by removing the hormone.2' Latent periods have been observed for mitochondrial changes as short as three hours26 and two hours27 after injection of L-triiodothyronine, but in the latter case were attributed to a "toxic" action of the hormone. The dose of L-thyroxine used here does not seem "toxic" for hypothyroid rats. It did not change mitochondrial respiratory control or response to dinitrophenol beyond normal levels in three hours, nor did it depress the P:0 ratio. Further, a 1000-times-smaller dose produced degrees of change in mitochondria three hours after injection9"-"' similar to those the larger dose produced in two minutes. The term "toxic" may be applied to the energy-wasting catabolic actions of excessive amounts of thyroid hormone,28 but under the present conditions, the hormone acted anabolically to conserve energy.'3 Low concentrations of dinitrophenol7 and salicylate,'9 agents capable of accelerating controlled respiration, also act anabolically to increase protein synthesis in vitro.
Summary.-Liver mitochondria from preselected hypothyroid rats had excessive respiratory control and low sensitivity to added dinitrophenol, compared with normal mitochondria. Injecting the hypothyroid rats with 5.2 jug of L-thyroxine per gram produced significant changes toward normal values when the rats were sacrificed two minutes after injection, and progressive changes up to three hours after injection. Efficiency of phosphorylation was not depressed. The mitochondrial content of thyroid hormone, as measured by the amount of butanol-extractable and butanol-insoluble iodine, increased progressively up to 550-fold three hours after injection, when it was calculated to be [1] [2] [3] [4] [5] 
